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Clouds - Processing Status

Aqua: Jul 2002 — Jul 2018 (~16 y)

Terra: Feb 2000 — Jul 2018 (~18 y)
CERES-MODIS

Edition 4 Imager Calibration Strategy:
Status * MODIS Collection 5 thru Feb 2016,
MODIS Collection 6.1 March 2016 - present
C6.1 radiances are scaled to C5 for consistency over entire record
CWG developed and applied Terra/Aqua normalizations for C5 (Sun-Mack, et al. 2018)

SNPP: Jan 2012 — Apr 2018 (~6 y)

CERES-VIIRS

Ed 1 Imager Calibration Strategy:
Status » Use forward processing calibrations
* Inconsistencies possible in current record




Unresolved Terra Calibration Issue (C5)

* 6.7 um WV and 8.6 um window channel began degrading on TERRA in 2008.
e Major anomaly in TERRA WV channel occurred in Feb 2016

e Used in cloud mask and for cloud phase selection

* Most significant impacts at night, polar regions; Some artificial trends evident after 2008.

6.7, 8.6 um Trends (Terra minus Aqua )
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Year Wilson et al. RS, 2017 Year
MODIS C6.1 mostly corrected to achieve stable 6.7 and 8.6 um radiances across the record
Small bias (0.2 — 0.5 °K) still evident for 8.6 um at end of record
Decision made after last STM to scale C6.1 (March 2016) to C5 (2002) for processing after Feb 2016
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— AquaEd4

Time Series of CloudFraction
Ocean, Non Polar, Total Phase, Night

Total cloud fraction not
impacted in non-polar
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But, some impact to cloud
phase and other cloud

properties

Scaling procedure over-
corrected slightly
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Terra Calibration Issue Resolved in C6.1(?)

Time Series of CloudFraction
Ocean, Polar, Total Phase, Night
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Total cloud fraction is
impacted in polar regions

Cloud phase also impacted

Scaling procedure over-
corrected slightly

Similar story over land

Still more work to do for
Edition 5 Terra




Aqua-MODIS Ed4

H Terra-MODIS Ed4
Global Trend of Cloud Fraction (% / decade) Sﬂ;‘; VIS Edi
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Day Non-Polar - 076}~ /‘W cloud fraction since 2000,
P 1°74-0.11 0.32 Bl except for a decreasing trend at

night over polar regions (~1% /
decade).

12-month running mean
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Terra drop in polar night after
2008 caused by degrading water
vapor channel
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VIIRS tracks Aqua well but
magnitudes differ

- Different resolutions

- Different channels/algos

- Bug fixes in VIIRS

- Calibration inconsistencies
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Time Series of CloudOD-Total.Day

Ocean Non Polar Total Phase Day

2 Non-polar ocean daytime COD =
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— AquaEd4 -0.002789 0.000118 10.817362 0.012052  -0.872451

= TerraEd4 0.001506 0.000208 11.075826 0.024187 0.455427

- SNPPEdIA 0.015294 0.001419 10.515608 0.046897 0.821450

Example of VIIRS
calibration
Inconsistency
appearing in 2016



Cloud Fraction
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Cloud Fraction

Cloud Fraction

Time series
comparison with
CALIPSO

Aqua-MODIS Ed4
Aqua-MODIS Ed2
CALIPSO HiConf

No global trends from CALIPSO either

CERES cloud fractions (Aqua full
swath) track CALIPSO well.

CERES cloud fraction is ~ 3% lower
than CALIPSO, except day time polar.

CERES Ed4 picks up additional 4-5% of
clouds compared with CERES Ed2,
except day time polar (~1% larger)




Cloud Fraction

Cloud Fraction

Cloud Fraction Comparison (70°-90°N; Ocean Only; Daytime Only)
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CERES Ed4 tracking arctic cloud changes
well compared to CALIPSO

Details of Comparison:

= Ed4 MODIS Aqua from swath data, but
restricted to VZA<5

= CALIPSO V3 VFM, selected only for high
confidence clouds

= Remove CALIPSO clouds only detectable
with 80 km resolution

Plot courtesy of N. Loeb




NA Ao Terra and Aqua Cloud Fractions, 2000-2018

Cloud Fraction Regional Trend (% per decade)

Day Time Aqua-MODIS, July 2002 - October, 2017 Terra-MODIS, March 2000 - October 2017 Day Time
: PRI T = P e S - — P

T TSR hY Z < No global trends but
e regional changes large in
many areas - driven by
natural variability, short
record

* Patterns depend on when
Night Time you start/stop time series
- (e.g. Australia)

“—

ey .
' * Good consistency

between Aqua and Terra,
day and night

e Potential for artifacts in
some areas (Amazon

+ Positive trend: Equatorial Pacific Ocean, west coast of Africa, Australia, east coast of China,
India Ocean south of Indonesia basin?)
+ Negative trend: Amazon (artifact by skin temp), Pacific Ocean north of Indonesia, southern India ocean




Latitude (°)

AVHRR 1981-2015: Total Cloud Percent Change/ Decade (Non-polar mean =-0.21)
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* Expect regional changes/
trends due to effects of
natural variability to flatten
over longer time records

e Version of CERES Ed4
adapted and applied to 35
year AVHRR record

e Still some ENSO signal over
tropical Pacific?

* Interesting stratocu trends
S. Hem

* Negative trend over
Atlantic looks artificial
(decreasing dust?)



Agqua-MODIS 2003-2017: Total Cloud Percent Change/Decade (Non-polar avg = 0.11%)
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MODIS Ed4 Cloud Trends

Regional Trend of Cloud Optical Depth (COD) (/ decade)
Aqua-MODIS uuly 2002 - October, 2017) Terra-MODIS (March zooo -October 2017)
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Interesting regional trend
over NE U.S and adjacent

Atlantic

High cloud fraction
increasing (not shown)

Strong negative trend in
COD from Aqua and Terra

MODIS

Note Calibration problem
in beginning of Terra
record



Cloud Fraction

CERES Ed4 Cloud Fraction vs other groups/satellites
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Highlights from Ed4 cloud mask paper
Trepte et al, 2018, submitted
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CALIPSO highest, CMSAF lowest (mean values in legend)

SatCORPS, PATMOS-X from AVHRR
CERES MODIS Ed4 generally in the middle



MODIS Ed4 Cloud Fraction Accuracy
(compared to CALIPSO VFM)

a) non polar
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Highlights from Ed4 Cloud detection over dark, uniform surfaces easier (open ocean highest accuracy)
cloud mask paper Good day/night consistency exc. Polar land (nighttime just a few percent lower)
- Trepte et al, 2018, submitted Polar night over land has lowest accuracies (< 80%)




MODIS Ed4 Cloud Fraction
Comparisons with CALIPSO

Table V. Performance metrics of CERES Ed4 cloud mask using matched CALIPSO and Aqua MODIS data for January, April, July, and
October 2007. CALIPSO 1-km layer product used as in [33].

+|

Occan Land Antarctic Lots of other
Day . < ..
0.963 0.941 0.899 Comparlsons' StaUSUCS,
0.895 0.878 0.794 stratifications in cloud
FAR 0.020 0.025 0.057 maSk paper
Bias 0.008 -0.009 0.014

N (x 10%) 2699 658 596
Night See Trepte et al, 2018

POD 0.953 0.911 0.816
HKSS 0.848 0.824 0.633
FAR 0.020 0.032 0.068
Bias -0.007 -0.025 -0.047
N (x 10%) 2869 749 1277
Day & Night

POD 0.958 0.925 0.843
HKSS 0.874 0.849 0.684
FAR 0.021 0.029 0.065
Bias 0.000 -0.017 -0.028
N (x 10%) 5568 1408 1873

for details




Clear Sky Radiance Evaluation

Observed - Predicted, for January, April, July, and October 2015 e Reasonably accurate
‘ predictions of clear sky

radiances needed for cloud
mask and cloud properties

e
>

* Tend to underestimate ocean
reflectance: should use aerosol
dependent model. Current
model has fixed aerosol and
wind speed

e Overestimate reflectance over

forest/mixed areas when
green: BRDF?
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* Clear sky temperature
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‘ (mostly attributed to model
Tskin problems)




VIIRS
Edition 2

Toward VIIRS Ed2

Delivery target : early-mid 2019
Deliver same code for SNPP and JPSS-1

Expected changes/updates from Ed1:
VIIRS data format: Need to start acquiring netcdf format from Land SIPS
- Already doing this for J1 but SNPP is temporary hdf format
* New calibrations: SNPP/JPSS-1 consistency, scale to MODIS C5 (?)
* Bug Fixes (TBD): Many MODIS Ed4 bugs already fixed in VIIRS Ed1
* Bring in GSFC aerosol product (used to reduce false clouds)
e Other?



Toward MODIS Ed5 and Continuity
with VIIRS (Ed3)

Expected changes/updates from Ed4:
Drop 6.7 um and 13 um channels (not available on VIIRS)

* New calibrations: Fix early Terra record, use latest MODIS Collection, other
adjustments as needed (e.g. scalings for satellite-satellite consistency)

* Implement new ice scattering models from P. Yang group (Two-habit model)

* Ensure that consistent approaches/models for clear sky radiance estimates and
atmospheric corrections are applied to MODIS and VIIRS

* Numerous bug fixes (many already implemented in VIIRS Ed1)

* New retrieval methods TBD (new nighttime tau algo, new multilayer approach,
new CWP and thickness parameterizations)
e Other?

For continuity, goal is to develop MODIS Ed5 first, then apply directly to

VIIRS (Ed3):
* Some tuning may still be needed (imager resolutions different)
* Consistent daytime methods over snow is an outstanding issue




How to Achieve MODIS/VIIRS consistency
for clouds over snow (daytime)

Different channels used in cloud mask

e 2.1 um for Aqua & Terra since Aqua 1.6 um has problems (1.6 um preferred tho)

* Only5of 20 1.6 um detectors on AQUA are fully functional — not used in CERES Ed4
lssues e 2.25 um on VIIRS much different that MODIS 2.1 um (thus VIIRS uses 1.6 um)
over Cloud Retrievals:
Snhow * Vis not useful for thin clouds over snow

e Current approach uses 1.2 um for all satellites

NIR (1.2, 1.6, 2.1 mm) channels sensitive to different ranges of tau
- Hybrid approach may be best

Restore 1.6 um channel on AQUA
Possible - some success already demonstrated

i - would require new delivery of entire AQUA MODIS radiance record (for that channel)
Solutions - Other wise do the best we can for the mask with what’s available

Continue with 1.2 um for Tau or develop hybrid approach (multiple channels to extend range)




GEO UPDATE (GOES-17)

GOES-17 launched March 2018
ABI cooling system not operating at capacity

e Canrender IR data unusable for 2-6 hours at
night

e Only occurs during eclipse season near
equinox’s (~40 days?) when detectors are
heated by direct sunlight

Impact to CERES: IR data unusable for ~3 hours
near midnight, late N.hem winter/early fall

Still scheduled to become operational Western
CONUS satellite (135°W) in late fall 2018

GOES-17 expected to operate in tandem with
GOES-15 for an extended period of time

Launch of GOES-17 aboard an Atlas V
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QUESTIONS ?



